We present the results of a ∼250 square degrees CO mapping (+26 • < ∼ l < ∼ + 50 • and −5 • < ∼ b < ∼ + 5 • ) toward the Aquila Rift region at a spatial resolution of ∼ 50 and a grid spacing of 30 . The high dynamic range CO maps with a spectral resolution of ∼ 0.2 km s −1 display highly structured molecular cloud (MC) morphologies with valuable velocity information, revealing complex spatial and dynamical features of the local molecular gas. In combination with the MWISP CO data and the Gaia DR2, distances of the main MC structures in the local ISM are well determined toward the Aquila Rift region. We find that the total MC mass within 1 kpc is about > ∼ 4.1×10 5 M in the whole region. In fact, the mass of the molecular gas is dominated by the W40 giant molecular cloud (GMC) at ∼ 474 pc (∼ 1.4×10 5 M ) and the GMC complex G036.0+01.0 at ∼ 560-670 pc (∼ 2.0 × 10 5 M ), while the MCs at ∼ 220-260 pc have gas mass of ∼ 10 2 −10 3 M . Interestingly, a ∼ 80 pc long filamentary MC G044.0−02.5 at a distance of ∼ 404 pc shows a systematic velocity gradient along and perpendicular to the major axis of the filament. The HI gas with the enhanced emission has the similar spatial morphologies and velocity features compared to the corresponding CO structure, indicating that the large-scale converging HI flows is probably responsible for the formation of the MC. Meanwhile, the long filamentary MC consists of many sub-filaments with the lengths ranging from ∼ 0.5 pc to several pc, as well as prevalent networks of filaments in other large-scale local MCs.
INTRODUCTION
A substantial amount of interstellar gas in the Milky Way is in molecular clouds (MCs) and star formation is believed to occur in dense regions of MCs. MCs are therefore important when we study the nature of the cold and dense molecular gas in the interstellar medium (ISM). Detailed studies can provide us with the solid knowledge of the properties of MCs, such as the morphology, distribution, and dynamics of the molecular gas. In observations, MCs are generally traced by CO emission because of its low excitation energy, low critical density, and easy detection over other gas tracers (Bolatto et al. 2013; Heyer & Dame 2015) . Actually, a lot of CO surveys have been done to study the molecular gas in the Galaxy (e.g., Heyer et al. 1998; Dame et al. 2001; Burton et al. 2013; Barnes et al. 2015; Heyer & Dame 2015) .
Among the most important surveys is the Milky Way Imaging Scroll Painting (MWISP 1 ) project, which provides the unbiased 12 CO, 13 CO, and C 18 O (J=1-0) database toward the northern Galactic plane for regions of l = −10 • to +250 • and |b| < ∼ 5. • 2. The survey datasets of the MWISP have the large spatial dynamic range, high sensitivity, and high velocity resolution for CO and its isotopes (see Table 1 and Section 2.3 in Su et al. 2019 ). Due to these characteristics and advantages, the MWISP CO data provided us a good opportunity to unveil the nature of the MCs, as well as the structures of the Milky Way in our previous studies (i.e., Su et al. 2016; Sun et al. 2017) . These large-scale CO maps with the high sensitivity on a fully sampled angular grid of 30 also allow us to investigate details of MC's structures and dynamics, especially for the local MCs due to their small distances.
One can use the optically thick 12 CO emission to trace the enveloping layer (i.e., ∼ 10 2 cm −3 ) of extended MCs and to reveal the dynamical features of the molecular gas of low surface brightness. On the other hand, the optically thin 13 CO and C 18 O emission can trace the denser region (i.e., ∼ 10 3 − 10 4 cm −3 ) in local MCs. In particular, the enhanced concentrations of C 18 O emission seem to be associated with star-forming regions. Using the abundant data of 12 CO, 13 CO, and C 18 O, we can obtain valuable information on the physical properties of the local MCs and star formation activities in the MCs. So far, an excellent case is the 100 deg 2 CO mapping toward the nearby Taurus MC, in which the researchers reveal a very complex and highly structured molecular gas morphology using the FCRAO 13.7 m telescope Goldsmith et al. 2008) . Thanks to high sensitivities of the MWISP, the large-scale CO survey can be extended to other nearby MCs, which will shed light on detailed structures, distributions, and dynamics of the local molecular gas.
In this paper, we focus on the local MCs toward the Aquila Rift region near the Galactic plane, i.e., the region in the first quadrant of l = +25. • 8 to +49. • 7 and |b| < ∼ 5. • 2. This region has been fully covered by observations of the MWISP over the past seven years. In section 2, we briefly describe the observations and data. Section 3 shows the results and some discussions of the local molecular gas by taking advantages of the high spatial dynamic range CO images. Based on the properties of the local MCs, such as distances, mass distributions, and velocity structures of the gas, we construct panoramic views of the local MCs ( < ∼ 1 kpc) by combining the MWISP CO data and the Gaia DR2 data. Finally, we summarize the new findings and main conclusions in Section 4.
OBSERVATIONS AND DATA
The observations and data are part of the MWISP project that is described in our previous paper . Briefly, the ∼ 250 deg 2 region of l = +25. • 8 to +49. • 7 and |b| < ∼ 5. • 2 was covered between 2011 November and 2018 April with a 3×3 multibeam sideband-separating Superconducting Spectroscopic Array Receiver (SSAR) system (Shan et al. 2012 ) on the Delingha 13.7 m telescope. The 12 CO, 13 CO, and C 18 O (J=1-0) lines were simultaneously observed using the position-switch On-The-Fly (OTF, see Sun et al. 2018) mode. The half-power beam width (HPBW) is ∼ 50 at the frequency of ∼ 110-115 GHz. The tracking accuracy and the pointing accuracy are ∼ 1 -3 and < ∼ 5 , respectively. The whole region was divided into 100,1 cells of 30 × 30 , each being mapped along the Galactic longitude (l) and latitude (b) at least twice. After fitting the first order (or linear) baseline, the final three-dimensional (3D) FITS data have typical rms noise levels of ∼ 0.5 K for 12 CO (J=1-0) at a channel width of 0.16 km s −1 and ∼ 0.3 K for 13 CO (J=1-0) and C 18 O (J=1-0) at 0.17 km s −1 with a uniform grid spacing of 30 . Here, the main beam temperature is calibrated based on T MB = T A /(f b × η MB ) and the filling factor f b was assumed to be 1 for the CO emission. The data were reduced using the GILDAS software 2 .
3. RESULTS AND DISCUSSIONS
Overall Distribution of the local CO gas
Here we study the properties of the local MCs using the MWISP 12 CO, 13 CO, and C 18 O data. In the previous study, we have shown that the local MCs toward the region of l = +25. • 8 to +49. • 7 and |b| < ∼ 5. • 2 are mainly in the velocity range of 0-20 km s −1 (see Figures 6, 7, and 9 in Su et al. 2019) . In this region, the prominent feature is the ∼ 200 square degrees dark lane seen in the optical image, which is called the Aquila Rift (e.g., see the review in Prato et al. 2008) . A considerable amount of molecular gas is situated in the Aquila Rift, which was investigated by some authors based on the previous 1.2 m telescope survey (Dame & Thaddeus 1985; Dame et al. 1987 ) and the recent 1.85 m telescope survey (Nakamura et al. 2017) . The whole Aquila Rift is a large extended region (i.e., l ∼ +20 • to +50 • and b ∼ −5 • to +10 • ) and is not fully covered by the MWISP survey (|b| < ∼ 5. • 2). However, the MWSIP data have the higher angular resolution and sensitivity , which allow us to search for new observational features, and to study the properties of the local molecular gas. Figure 1 displays the 12 CO (J=1-0, blue), 13 CO (J=1-0, green), and C 18 O (J=1-0, red) intensity map in the [-1, 25] km s −1 . Note that in this velocity interval, CO emission of the local gas near regions of b ∼ 0 • suffers some contamination from the Perseus arm (e.g., see Table 1 in Reid et al. 2019) . However, this effect is not serious because of the limited extension of the Perseus gas at larger distances. Obviously, the molecular gas traced by the large-scale extended CO emission displays complex structures and plentiful details in the mapped region. Many CO structures, such as filaments, arcs/shells/bubbles, finger-like protrusions, and other irregular morphologies, are unveiled due to the high dynamic range of our survey.
Some MCs with relatively strong 13 CO and/or C 18 O emission are found to be embedded in the enveloping structures traced by the faint, diffuse, and extended 12 CO emission. The multiple layers traced by the 12 CO, 13 CO, and C 18 O emission, together with different velocity components and therefore probably different distances (see Section 3.2), help us construct a useful panoramic 3D picture of the local molecular gas. Figure 2 displays the peak temperature of the 12 CO emission, the peak temperature of the 13 CO emission, and the velocity distribution of the 13 CO emission for the local molecular gas in the covered region. For a total of ∼ 3.5 × 10 6 pixels on a 30 grid, about a half of samples in the coverage have detected 12 CO emission, while only ∼ 20% (∼ 0.7%) pixels have 13 CO (C 18 O) emission ( Figure 3 ). For the detectable 12 CO emission, over 50% 12 CO samples have the peak temperature less than 4 K, indicating subthermal excitation of CO emission for the low-density molecular gas in the local ISM.
The 12 CO gas with higher peak temperature (i.e., T peak12 > ∼ 10 K) is roughly associated with the nearby star formation activities, i.e., the H ii region W40 at (l = 28. • 75, b = 3. • 51), the Serpens NE Cluster at (l = 31. • 74, b = 3. • 12) (Herczeg et al. 2019) , and the LBN 031.75+04.98 (see red circles in Figure 2 ). This result is consistent with the work of Wang et al. (2019) for the Gemini OB1 MCs, where the authors show that the high-temperature CO gas is related to nearby massive star-forming regions. The two red rectangles near the Galactic plane show other regions with high 12 CO temperature but lacking distance information. We speculate that the surrounding star formation activities are probably responsible for the higher CO temperatures there.
The optical depths of 13 CO and C 18 O lines can be estimated using equations described in Su et al. (2015) . In brief, we assume that the excitation temperatures (T ex ) of 13 CO and C 18 O lines have the same value as that of the optically thick 12 CO line and the beam filling factor of the gas, f b , is assumed to be 1. Note that the estimated optical depth of τ 13 (τ 18 ) is related to the values of T ex , f b , and T mb13 (T mb18 ). Therefore, the estimated τ 13 is likely to be a lower limit because of the possible underestimated T mb13 (i.e., self absorption of 13 CO emission). On the other hand, τ 18 is likely overestimated due to the underestimated T ex from 12 CO emission (i.e., self absorption of 12 CO emission).
For the whole coverage, about 82% detected 13 CO gas shows low optical depth of < ∼ 0.6, indicating the dominant optically thin 13 CO emission in the local MCs. However, the optical depth of the 13 CO line is not always below one. A few 13 CO points ( < ∼ 4%) have τ 13 > ∼ 1, especially in regions near the H ii region W40. The high-density gas traced by the strong C 18 O emission is also mainly located near such regions (e.g., see red contours in Figure 2 , also see Section 3.3.2 in Su et al. 2019) . In fact, τ 18 is always < 1, confirming that C 18 O emission is optically thin in the Aquila Rift region.
Compared to the optically thick 12 CO emission, the distribution of the optically thin 13 CO and C 18 O emission is obviously shrinked and is limited in the interior of the envelope traced by the extended 12 CO emission (Figures 1 and 2 ). Despite this, the 13 CO emission successfully traces the main body of the local MCs because of the high dynamic range and sensitive observations. The velocity field of the dense molecular gas is also well described by the first moment of the 13 CO emission. Moreover, the concentration of the C 18 O gas represents the local dense gas region, where star formation activities are ongoing (i.e., many HH objects in LDN 673 discovered by Rector et al. 2018 ; thousands of young stars and protostars in Serpens MC, W40 region, and Sh 2-62 studied by Herczeg et al. 2019 ).
On the other hand, there are some C 18 O regions with relatively low 12 CO temperature (e.g., the blue rectangle region for the 13-15 km s −1 gas in Figure 2 ). The information of star-formation near these regions is unclear. We speculate that these regions are probably in the early evolutionary stage of star formation (e.g., see the case of the Serpens filament investigated by Gong et al. 2018) . The Serpens filament is believed to be accreting material in the very early evolutionary stage of star formation, leading to lower 12 CO temperature (self absorption) and strong C 18 O emission. In fact, 13 CO emission in some positions also displays self-absorption feature compared to the optically thin C 18 O emission. We will study these samples in the future based on multi-wavelength data and statistical methods (e.g., see studies in Wang et al. 2019) . Figure 4 describes the molecular gas distribution via the traditional position−velocity (PV) diagrams along b = +4 • , +2 • , −2 • , and −4 • , respectively. Roughly, the CO emission in the observed area can be divided into three main parts: the molecular gas at (
Again, the main body of local MCs is well described by the 13 CO emission (contours in the figure), which is similar to results shown in Figure 1 . For comparison, the peak-temperature and velocity distributions of 13 CO emission in Figure 2 also show similar results that MCs are mainly concentrated in the well-defined space and velocity ranges. We investigate the properties of the molecular gas via these defined sub-regions, as well as the coherent spatial and velocity structures of the local MCs in Section 3.4.
Distances of the local MCs
MCs with similar LSR velocities can be located at quite different distances. The situation is even more serious for the complex MCs with multi-velocity components in the first quadrant. Therefore, more accurate distance is very important in studying the physical properties of the local MCs. In this work, distances of local MCs are estimated based on the Gaia DR2 data (Gaia Collaboration et al. 2016 . The method is simple and straightforward since the extinction is determined by the amount of dust along the line of sight (LOS). Assuming that the extinction of a local MC is mainly determined by the dust in the cloud, the extinction (A G ) of stars behind the MC will be obviously larger than that of stars in front of the MC. The key point is how to pick up the jump correctly in the parallax-A G space. Here we employ the Markov Chain Monte Carlo (MCMC) algorithm discussed very recently by Yan et al. (2019) .
To get more accurate distance estimation of the local molecular gas, we must define the structure of the MCs first. Generally, the CO data are viewed channel by channel to search for coherent MC structures in the velocity field on a scale of several degrees. The selected MC structures with coherent velocity features are also checked in the corresponding PV diagrams. The boundary of a MC is then defined by the selected velocity interval with the selected threshold of the integrated CO intensity, which is crucial for the subsequent analysis.
Briefly, there are two cases in the definition of the CO structure. One case is the overlapping MCs with adjacent LSR velocities. The non-overlapping velocity intervals are integrated to show the distribution of the different MCs. That is, for individual examples, the overlapping MCs are divided into different parts based on their LSR velocities (e.g., MCs G030.5−01.5 and MCs G029.0−2.0a in Figure 5 ) or spatial distributions (e.g., GMC G036.0+01.0 in Figure 7 ). And then the individual CO structures can be used to calculate the corresponding distance of the MCs. The overlapping parts of MCs in an area are usually avoided in the estimation of the distance (e.g., see W40a and W40b in Figure 5 ). Regions near the Galactic plane are also avoided due to the complex gas environments there. The other case is the MCs with little velocity confusion. We used all CO emission in the velocity interval to define the MC structure, e.g., MC G044.0−02.5. The distance of the MC is estimated by using the whole CO structure. We also divided the single MC into several subregions to check the consistency of the distance estimation (see Figure 8 ).
The integrated-intensity threshold of a defined MC is roughly > ∼ 3-5 K km s −1 , depending on the cloud properties (i.e., sizes, environments, and locations). The threshold of the CO intensity is different for different MC structures. For example, the thresholds of MCs are ∼ 3-5 K km s −1 for W40a region and ∼ 10-15 K km s −1 for W40b region, respectively. Based on the CO structure from the selected velocity interval, the A G of stars within the MC are then sorted according to the distances of stars. Using the MCMC algorithm, the jump point of on-cloud A G in the distance-A G space is picked up to estimate the distance of the CO cloud. We also check the validity of the distance estimation by comparing the A G distribution of the nearby off-cloud samples with that of on-cloud samples. Results with large uncertainties are excluded according to the comparison between the on-cloud A G and off-cloud A G .
Generally, the estimated distance error of local MCs is less than 5%, which is mainly from the uncertainties in A G , the different properties of the MCs (i.e., size, structure/morphology, and column density, etc.), and the contamination of other gas components along the LOS. As a result, the distance error is relatively small for large-scale MCs with the strong CO emission (i.e., MC structure with a sky coverage of several square degrees and CO integrated intensity of > ∼ 10 K km s −1 ). On the other hand, the dust in some extended foreground cloud leads to the complicated distribution of A G along the LOS. It is thus hard to calculate the distance of the individual MC in the region with multi-velocity components, e.g., MCs near the Galactic plane. In some cases, the distance of small CO patches cannot be determined due to the limited on-cloud Gaia samples. Despite this, some small MCs with coherent velocity and spatial structures can be considered together to estimate the distance of the molecular gas on a large scale (see rectangles in Figure 6 ). Meanwhile, distances of some CO structures with weak emission (i.e., < ∼ 3-5 K km s −1 ) cannot be obtained because of the low column density of MCs and the large A G error of stars.
With the method discussed above, distances of some large-scale CO structures are successfully determined for the local MCs based on the MWISP CO data and the Gaia DR2 (see Table 1 ). All selected regions with estimated distance are labeled in Figures 5-8. These MCs are distributed in a large distance range of ∼ 220-770 pc in the whole region. In the region of l ∼ +26 • to +33 • (Figure 5 ), the dominant CO gas, which is mainly associated with the Serpens clusters and the H ii W40 region, is located at ∼ 470 pc. Our results roughly agree with the previous studies based on VLBA measurements (i.e., 436.0±9.2 pc in Ortiz-León et al. 2017) and the independent analysis from Gaia DR2 (i.e., ∼ 400-500 pc in Ortiz-León et al. 2018; Zucker et al. 2019) . In regions of b < ∼ 0 • , some interesting MC structures are located at ∼ 400-550 pc. Interestingly, toward the region of l ∼ +26 • to +33 • , considerable molecular gas at ∼ 240-260 pc is situated in front of the ∼ 400-550 pc MCs (see the left panel of Figure 5 ), which leads to some controversy on MC distances in previous studies (e.g., see discussions and references in Nakamura et al. 2017) . Additionally, the nearer MCs at ∼ 220-240 pc also extend from l ∼ +36 • to +44 • region with larger LSR velocities ( Figure 6 ).
Toward the region of l ∼ +32 • to +41 • , the distribution of the local molecular gas is quite complicated. Many small MCs are estimated to be at ∼ 220-240 pc ( Figure 6 ). And some CO clouds are located at ∼ 610 pc, although these MCs cannot be easily identified due to the complex and intricate velocity components. Nevertheless, we suggest that most of the molecular gas in the region is located at a distance range of ∼ 560-670 pc based on Figures 6 and 7. By considering the mass, the extended size, and the distance error (i.e., < ∼ 5%, 20-30 pc) of the molecular gas, we defined a GMC named as G036.0+01.0. This GMC is located at about ∼ 610 pc and is less studied in the previous literature.
Toward l ∼ +40 • to +50 • , the molecular gas is dominated in the b < ∼ 0 • region. Two local MCs with little contamination from other velocity components are estimated to be located at ∼ 400 pc and ∼ 770 pc, respectively. We identified the prominent ∼ 404 pc MC feature as MC G044.0−02.5 (Figure 8 ), which was named as Cloud B in previous studies (e.g., see Dame & Thaddeus 1985; Dame et al. 1987) . We also note that the Cloud A at ∼ 25-27 km s −1 (Dame & Thaddeus 1985; Dame et al. 1987) probably has a distance of > ∼ 1.1 kpc, which is thus not discussed in the present paper (see the 20-30 km s −1 maps in ranges of l ∼ +44 • to +47 • in Figures 6 and 7 of Su et al. 2019) . Figure 9 displays an example for the distance estimation of a part of MC G044.0−02.5, which is consistent with the distance of the whole filamentary MC. Details of the method and explanation of the figure can be found in Yan et al. (2019) .
All of these new results, together with other similar studies (e.g., see Table 3 and Figure 7 in Herczeg et al. 2019) , remarkably refine our knowledge on the local MCs. More recently, a narrow and elongated arrangement of dense gas in the local ISM is well unveiled based on the accurate distances of star forming regions toward the anticenter of the Milky Way (Alves et al. 2020) . We hope that our study will be helpful in revealing possible large-scale structures toward the inner Galaxy in the future.
The mass distribution of the local molecular gas
After combining the MWISP CO data and more accurate distances of the MCs within < ∼ 1 kpc, we can discuss the mass distribution of the local molecular gas toward the Aquila Rift region.
For CO observations, the column density of MCs can be estimated from the 12 CO luminosity and the CO-to-H 2 conversion factor, X CO . The total mass of the molecular gas can be calculated if we know the MC's distance. Usually, the value of 2 × 10 20 cm −2 (K km s −1 ) −1 is recommended by many studies (e.g., Dame et al. 2001; Bolatto et al. 2013) . Based on the MWISP data, in fact, the conversion factor can be estimated from the 12 CO and 13 CO emission. And then we can use the estimated value of X CO to calculate the mass of the local MCs.
Here, we use samples of MC G044.5−02.0 to estimate the value of X CO due to little velocity confusion in the direction (see Section 3.4.3). First, assuming that the 12 CO emission is optically thick and the beam filling factor of the extended gas is 1, we can estimate the excitation temperature from the peak temperature of 12 CO emission. Second, the column density of 13 CO is calculated pixel by pixel in the local thermodynamic equilibrium (LTE) assumption (see discussions and equations in Section 3.1.2 of Su et al. 2015) . Third, the column density of H 2 can be obtained by adopting [ 12 CO]/[ 13 CO]=66 (Giannetti et al. 2014) and [H 2 ]/[ 12 CO]∼ 1.7 × 10 4 . The value of X CO is thus calculated from the resulting ratio between N(H 2 ) from the 13 CO emission and I CO from the corresponding 12 CO data. The mean value of the X-factor is ∼ 2 × 10 20 cm −2 (K km s −1 ) −1 under the above assumptions. We find that the N(H 2 )/I CO vs. I CO trend from MC G044.5−02.5 is similar to the recent result from the Galactic cluster-forming molecular clumps (i.e., see details in Barnes et al. 2018) . We emphasize, however, that the derived value of X CO largely depends on the uncertainties of the abundance ratios of [ 12 CO]/[ 13 CO] and [H 2 ]/[ 12 CO], which are difficult to estimate just based on the MWISP CO data.
The MC distances and masses, together with other physical parameters, are briefly summarized in Table 1 . The two largest concentrations are W40b and GMC complex G036.0+01.0, which have a total mass of > ∼ 3.4 × 10 5 M . The former one is related to star formation activities such as H ii region W40 and Serpens NE cluster, while the latter region is less studied in the literature. The distance separation between the two main mass concentrations is about 130 pc, which is roughly twice the extension of the GMC complex G036.0+01.0 (i.e., 6. • 8 ≈ 70 pc at a mean distance of ∼ 610 pc). Other local MCs with ∼ 10 3 − 10 4 M are either in distinct groups (Figures 5 and 8) or in a single concentration ( Figure 6 ).
All of these show that molecular gas toward the Aquila Rift region is distributed in different distances, which agrees well with the new results from the very recent study (see details in Herczeg et al. 2019) . As shown in Figure 7 of Herczeg et al. (2019) , the ∼ 350-480 pc for cyan circles matches our value of ∼ 474 pc for the molecular gas toward the W40b region (the middle panel in Figure 5 ) and the > ∼ 550 pc for red circles agrees with the ∼ 560-670 pc toward the GMC complex G036.0+01.0 ( Figure 7) . The distance of ∼ 235 pc for the molecular gas at the W40a region (the left panel in Figure 5 ) is also consistent with the value of ∼ 250 pc for the extended dust cloud (i.e., the Serpens Cirrus, see Table 3 and the yellow contour in Figure 7 of Herczeg et al. 2019) . Moreover, the distance of ∼ 404 pc toward the MC G044.0−02.5 ( Figure 8 ) is also consistent with their estimated value of ∼ 407 pc for the associated cloud LDN 673 (see Table 1 in Herczeg et al. 2019) .
Toward the Aquila Rift, we conclude that the dominant mass (i.e., > ∼ 95%) of the local MCs in the coverage is in regions of > ∼ 400 pc, while only several 10 3 M MCs are located in regions of < ∼ 300 pc. We plan to build a sample database of local MCs with more reliable properties in the next study (e.g., MC identification, distance estimation, and mass distribution, etc.). The MWISP CO data from the further accumulation (e.g., l ∼ 20 • − 26 • ), together with the future releases from the Gaia data, are helpful in studying the properties of the whole local molecular gas.
Individual Regions
In this Section, we discuss the physical properties of the local MCs with three regions as the examples: molecular gas in l ∼ +26 • to +33 • , GMC complex G036.0+01.0 in l ∼ +32 • to +41 • , and MC G044.0−02.5 in l ∼ +40 • to +50 • . We mainly focus on the molecular gas distribution with different LSR velocities and the dynamical features of the local molecular gas.
3.4.1. MCs toward l ∼ +26 • to +33 • regions Figure 10 displays the 13 CO emission in the velocity intervals of [4.5, 7.0] km s −1 (blue), [7.0, 9.5] km s −1 (green), and [9.5, 12.0] km s −1 (red). The molecular gas in the velocity range of 4.5-12.0 km s −1 is mainly located at ∼ 470 pc, excluding some CO gas at V peak ∼ 2-4 km s −1 (or ∼ 240-260 pc in the left panel of Figure 5 ).
Toward this region, we find that 13 CO emission is a good tracer to identify MC structures due to its relatively larger extension compared to the C 18 O emission and its smaller optical depth (Section 3.1) compared to the 12 CO emission. Interestingly, at least tens of filaments (the elongated structure with an aspect ratio larger than ∼5) with different velocity structures are found to be located in the complex region of 13 CO emission (see some typical filaments indicated by arrows in Figure 10 ). The typical length and width of these filamentary structures are tens of arcminutes and several arcminutes, respectively. And the typical column density of these filaments is in the range of ∼ 10 21 − 10 22 cm −2 estimated from the 13 CO gas. Several filamentary structures with somewhat different velocities seem to just overlap on the Serpens NE region, which is also seen by Nakamura et al. (2017) according to 12 CO (J=2-1) and 13 CO (J=2-1) data. Systematic analysis of these filaments will be presented in future works by using some algorithms on the 3D 13 CO and C 18 O data cubes (e.g., see discussions in Xiong et al. 2017 Xiong et al. , 2019 .
We note that the C 18 O emission is roughly concentrated on these filamentary structures (white contours associated with the filamentary structures in Figure 10 ). Here we use PV diagrams ( Figure 11 ) to show the detailed velocity structures of 13 CO and C 18 O emission along two filaments (see red arrows in Figure 10 ). Including the main velocity structure seen in 13 CO and C 18 O emission (i.e., V LSR ∼ 6 − 8 km s −1 ), the 13 CO gas also displays additional velocity components (i.e., V LSR ∼ 3 − 6 km s −1 and V LSR ∼ 8 − 11 km s −1 ) near the main LSR velocity structure. In fact, very weak C 18 O emission (e.g., T peak18 < ∼ 0.4-0.5 K at ∼ 8.5 km s −1 in the right panel of Figure 11 ) is also found to be associated with this additional velocity structure seen in 13 CO emission.
The star formation activities (e.g., Mallick et al. 2013; Nakamura et al. 2014; Dunham et al. 2015; Herczeg et al. 2019) are strong in regions with enhanced C 18 O emission and the high peak temperature of 12 CO gas, e.g., the Serpens NE cluster, the H ii region W40, and the H ii region Sh 2-62 (or the MWC 297 region at l =26. • 8 and b = +3. • 5). The powerful source in the region is H ii region W40, which is responsible for the spatial and velocity distributions of the surrounding molecular gas (e.g., see Figures 15-16 and Section 3.3.2 in Su et al. 2019 ). On the other hand, the gas in regions with strong C 18 O emission but relatively low 12 CO temperature is probably in an early stage that star formation is just ongoing (e.g., see the Serpens filament and embedded young stellar object (YSO) candidates in Gong et al. 2018) . Figure 12 displays the gas distribution at ∼ 260 pc (the upper panel for MCs G029.0−02.0a) and ∼ 400 pc (the lower panel for MCs G030.5−01.5). The CO gas with somewhat different LSR velocities (or distances) has the similar northwestsoutheastern extension from b ∼ +0. • 5 to b ∼ −5. • 0 (or with a length of ∼30-50 pc). This finding shows that at least two distinct gas components with different distances are located in the region, which is similar to the W40 region with b > ∼ 0 • (the left and middle panels in Figure 5 ).
Additionally, many protruding CO structures (see arrows in Figure 12 ) are located toward a large-scale bright optical nebula centered at (l ∼ 26 • , b ∼ −3 • ) with a diameter of several degrees (e.g., see the Southern Hα Sky Survey by Parker et al. 2005) . Some of the CO protrusions, which are perpendicular to the above elongated northwest-southeastern molecular gas structures, also have remarkable velocity gradients of ∼ 0.7 − 1.3 km s −1 pc −1 at a distance of ∼ 400 pc (e.g., see the black arrow in Figure 13 , also see solid lines in Figure 14 ). Comparing to the quiescent gas at V LSR ∼ 9-11 km s −1 , the 12 CO gas near the tip of the protrusion also displays redshifted velocity up to > ∼ 15 km s −1 , indicating interactions between the gas and the shock there. We suggest that these features are probably related to nearby stellar feedbacks (e.g., winds and radiation from nearby early-type OB stars or shocks from supernova remnants).
GMC complex G036.0+01.0
We have shown that the most striking feature in l ∼ +32 • to +41 • is the GMC complex G036.0+01.0 at a distance of ∼ 610 pc. The GMC complex has a total mass of ∼ 2.0 × 10 5 M (Table 1) . Similar to other MCs discussed above, filamentary structures and the complex velocity field are also prevalent throughout the GMC complex (Figures 15 and 16 ). The whole GMC complex, which extends about ∼ 35 square degrees in the map, consists of three main parts: the l < ∼ + 36 • region, the +36 • < ∼ l < ∼ + 38 • region, and the l > ∼ + 38 • region (also see Figure 7 ). These CO clouds, which consist of many arc-like or sub-filamentary structures, display different morphologies in the individual sub-regions of size of ∼ 30-50 pc.
We made channel maps to show the spatial and velocity distributions of the molecular gas for two sub-regions in the GMC complex (Figures 17 and 18 ). According to the 12 CO channel maps shown in Figure 17 , we find that many elongated structures with a length of several tens of arcminutes (or several pc at a distance of ∼ 555 pc) and somewhat different LSR velocities (i.e., ∼ 13 − 18 km s −1 ) are roughly along the southwest-northeast direction, which is similar to the whole large-scale CO extension in this region (see the arrow in Figure 17 ).
In the densest region of the GMC complex, the 13 CO channel maps reveal several arc-like structures on a scale of ∼ 10 − 20 pc (e.g., see dashed lines in Figure 18 ). The large-scale arc-like structures consist of many curved structures with a smaller length of several arcminutes. In fact, these small curved structures can be clearly seen in the channel maps at a velocity separation of 0.2 km s −1 due to their coherent spatial and velocity features. C 18 O emission is concentrated in the large-scale arc-like structures, in which molecular gas displays multi-velocity components revealed by 13 CO emission (Figures 16 and 18) .
Based on the recent study by Wang et al. (2019) , the relatively higher 12 CO peak temperature of > ∼ 10-15 K is usually related to processes of the nearby star formation activities. The peak temperature of the 12 CO emission toward the GMC complex is < ∼ 10 K (Figure 2) . We thus suggest that star formation activities are probably not strong in the surrounding of the GMC complex. We speculate that the GMC complex is likely at an early evolutionary stage when the gas is just accumulating due to the concentrations of the C 18 O gas in the arc-like structures (see dashed lines in Figure 18 ). The densest regions traced by the enhanced C 18 O emission in the GMC (i.e., red contours in Figure 16 ) are probably good places to investigate the possible star formation activities at the early evolutionary stage.
MC G044.0−02.5
Toward the l ∼ +40 • to +50 • region, the prominent feature of the local molecular gas is the MC G044.0−02.5. The intriguing MC G044.0−02.5 displays long filamentary structure from (l ∼ +49. • 7, b ∼ −0. • 9, V LSR ∼ 5.5 km s −1 ) to (l ∼ +39. • 5, b ∼ −5. • 1, V LSR ∼ 9.5 km s −1 ) based on 12 CO emission seen in Figure 19 . Roughly, the elongated MC displays some regular CO morphologies: the vortex-like structure in l ∼ [46. • 7, 49. • 5], the plateau structure in l ∼ [45. • 7, 47. • 7], the concave structure in l ∼ [43. • 4, 46. • 1], and the cone structure in l ∼ [39. • 5, 43. • 9] (see labels in Figure 19 ). The interesting structure has a length of ∼ 80 pc and a width of ∼ 7 − 14 pc in 12 CO emission. We stress that the filamentary MC G044.0−02.5 is a single giant molecular filament (GMF) based on its elongated spatial structure and coherent velocity distribution. This is also supported by the distance estimation for the four individual parts of the long filamentary MC (i.e., ∼ 400 pc, see Figures 8 and 9 ).
As seen in Figure 20 , the channel maps of 12 CO and 13 CO emission show that the long MC structure is composed of many sub-filaments with lengths of several arcminutes to tens of arcminutes. Most of the sub-filaments have similar alignment with the long extension of MC G044.0−02.5, although some tiny elongated structures are also found to be perpendicular to the major axis of the long filamentary cloud (see box regions in the 13 CO maps). These velocity-coherent fiber-like structures, which are very thin (i.e., the observed size of ∼ 1-2 arcminutes or ∼ 0.1-0.2 pc at a distance of 404 pc), tend to converge toward the trunk of the MC traced by the relatively bright 13 CO emission along the GMF (e.g., see the box regions in the figure). We named these structures as networks of tiny filaments or fibers that are associated with the main trunk of the GMF. Figure 19 , the vortex-like structure centered at (l ∼ +48. • 1, b ∼ −1. • 1, radius ∼ 1. • 3) is prominent at V LSR ∼ 5 − 6 km s −1 . At the southwest of MC G044.0−02.5, a dendritic structure is just across the filamentary MC (l ∼ +40. • 6, b ∼ −4. • 4, V LSR ∼ 8 − 9 km s −1 ). The velocity variation of the molecular gas can be clearly seen in the channel maps of CO emission (Figure 20) , indicating a systematic velocity gradient of ∼ 0.05 km s −1 pc −1 along the GMF. This value agrees with the result from analysis of the GMFs in the Milky Way (i.e., 0 − 0.12 km s −1 pc −1 , Ragan et al. 2014; Abreu-Vicente et al. 2016) .
Based on
In addition to the velocity gradient along the major axis of the filamentary MC (i.e., northeast-southwest), G044.0−02.5 also shows a velocity gradient perpendicular to the major axis of the filament (e.g., V LSR ∼ 6.0−9.5 km s −1 in the l ∼ 42 • −47 • region, see the red parts of MC G044.0−02.5 in Figure 19 ). We made PV diagrams across the trunk of the GMF (see arrows in Figure 20 ). In Figure 21 , the PV diagrams show that the velocity gradient perpendicular to the trunk of the GMF is ∼ 0.3−0.8 km s −1 pc −1 . The above intriguing scenario is firstly revealed by the large-scale MWISP CO data.
For comparison with other distant MC filaments that are associated with high-mass star-forming regions (e.g., Tackenberg et al. 2014; Dewangan et al. 2018) , the ∼ 80 pc long GMF G044.0−02.5 is situated at the local region and displays abundant details in spatial and velocity discussed above. The relatively low temperature of the molecular gas (i.e., T 12COpeak < ∼ 10 K) shows that massive star formation activities are probably lacking in the surrounding of the GMF. Many questions need to be investigated for the filamentary cloud, such as the networks of sub-filaments in the GMF, the stability and fragmentation of the long filament, and the star formation in the region. Figure 22 shows the velocity field of the whole MC. The different spatial features (i.e., vortex, plateau, concave, and cone), as well as the systematic velocity gradients along and perpendicular to the trunk of the GMF, are well revealed by the 13 CO emission. According to Figure 23 , we find that the dense gas traced by 13 CO emission is concentrated in the region with larger 12 CO linewidths, indicating high turbulence there (see the red circle in the figure). C 18 O emission is also enhanced in the region of LDN 673, where many fiber-like structures seem to gather together (see networks of sub-filaments in the upper box of Figure 20) .
In fact, the overdensity of YSO candidates from IR data is related to the dense gas region of LDN 673. We also note that the ongoing star-formation in their early phase occurs in the densest part of the LDN 673 cloud (e.g., the discovery of many Herbig-Haro objects in LDN 673, Rector et al. 2018) . Another box region in Figure 20 displays the similar filamentary networks but where little C 18 O emission is detected (at l ∼ 42. • 2 to 43. • 9, b ∼ −3. • 3 to −2. • 1, i.e., LDN 645, LDN 647, and LDN 651).
The interesting velocity features of MC G044.0−02.5, as well as the regular molecular gas structures, are clearly seen in the CO channel maps with the high spatial dynamic range. We find that filamentary structures are prevalent throughout the MC from scales of several arcminutes to > ∼ 10 degrees. These interesting elongated features are present in particular integrated maps with velocity intervals of ∼ 1-2 km s −1 , suggesting the rapid velocity change on a small scale of several arcminutes (Figure 20) . For both the 12 CO emission and the 13 CO emission, in fact, the velocity channel maps show more filamentary structures than those integrated emission maps. Some striation-like features can also be discerned in the channel maps, which is similar to the case of other nearby MCs (e.g., Goldsmith et al. 2008; Heyer et al. 2016; Cox et al. 2016) . The dust emission (e.g., see OBSID of 1342230842 and 1342230843 from the Herschel data) shows similar sub-filaments in the region of LDN 673 centered at (l ∼46. • 4, b ∼ −1. • 3). Therefore, we suggest that these tiny features seen in CO emission are real density structures because of the good correlation between the dust emission features and the enhanced 13 CO and/or C 18 O emission. Additionally, these sub-structures in individual velocity channels partly reveal the velocity field of the CO gas, which is useful to investigate the dynamic features of the molecular gas. Moreover, the long MC G044.0−02.5 is also an excellent laboratory to study the large-scale dynamical properties of the molecular gas because of the relatively regular gas morphology, the systematic CO velocity structure, and little cloud confusion in the direction. We believe that MC G044.0−02.5 is accumulating gas, and is in an early evolutionary stage (see Section 3.5).
MC formation by large-scale converging flows?
The new CO data show that the local molecular gas is widely spread in the whole map. However, the dominant molecular gas is concentrated in localized regions with complicated velocity field, i.e., the W40 region, the GMC complex G036.0+01.0, and MC G044.0−02.5 (see Section 3.4). Toward some gas concentrations, MCs with somewhat different LSR velocities often have similar extension and structures (e.g., see MCs elongated along the northwest-southeast in Figure 12 and large-scale arc-like structures in Figure 18 ). These large-scale MC concentrations are highly structured and organized, as well as those hierarchical sub-structures within them (also see filamentary networks in box regions of Figure 20 ). With these details in mind, we wonder how the MCs are formed in the local ISM.
In theoretical studies, MCs may form out of large-scale converging atomic gas flows, which probably originate from shocks by stellar feedback processes (e.g., expansion of H ii regions, winds of early-type stars, and explosion of supernovae), as well as largescale gravitational instability and shear motions. These mechanisms can produce compressive flows and drive large-scale turbulence into the ISM. Turbulence, thermal instability, and local gravitational instability may be responsible for the density fluctuations, leading to the dense gas formation out of the diffuse atomic hydrogen. Several theoretical views on the topic are discussed by some authors (e.g., Hennebelle & Falgarone 2012; Dobbs et al. 2014; Klessen & Glover 2016) . And many numerical studies on MC formation have also been undertaken recently (e.g., Koyama & Inut-suka 2000; Dobbs et al. 2006; Heitsch et al. 2005 Heitsch et al. , 2006 Hennebelle et al. 2008; Vázquez-Semadeni et al. 2006 , 2007 Glover et al. 2010; Smith et al. 2014) .
Therefore, large-scale gas flows are ubiquitous in the ISM due to the energy input by activities of massive stars or Galactic shearing motions. Such large-scale gas flows, which probably play a crucial role in accumulating the large amount of gas material, may display some observational features in multi-wavelengths. We speculate that the systematic velocity structure seen in CO emission is one of the observational evidence of large-scale flows.
For example, the intriguing case of MC G044.0−02.5 displays the systematic velocity structure along and perpendicular to the major axis of the ∼ 80 pc long filament (Figures 19-22) , which probably indicates the large-scale gas flows in the local ISM. Based on Section 3.4, we note that the dense gas of the MC often display multivelocity components, which also can be found in other regions (e.g., see contours in Figure 11 and channel maps of Figure 18 ). These features seem to support the idea that the gas is converging in the localized region of the MC, although the correlation between the dense gas concentrations and the multi-velocity components need to be further investigated for the whole mapping region.
In the following, we focus on the observational points on the formation of MC G044.0−02.5 based on (1) the relationship between HI atomic gas and CO molecular gas, (2) the coherent spatial structures of MCs on various scales, and (3) the regular dynamical features of gas from its velocity field. A large amount of atomic gas traced by enhanced HI emission from the Arecibo data is found to be associated with MC G044.0−02.5 because of the similar spatial morphology and velocity structure between them (Figure 24 ). In fact, the large-scale structure of the atomic gas extends to (l ∼ 37. • 5, b ∼ −6. • 5), which is not covered by the current MWISP CO map. Based on Figure 24 , we find that the CO emission of the intriguing structure appears in the overlapping HI gas regions, i.e., the yellow parts of 6-9 km s −1 (green) and 9-11 km s −1 (red) in the map. Along the directions indicated by cyan arrows in the figure, the atomic gas displays the similar velocity gradient perpendicular to the main trunk of the CO structure (i.e., the HI gas from the green color of 6-9 km s −1 to the red color of 9-11 km s −1 ; also see the velocity trend of CO gas in Figure 21 ). On a larger scale, the velocity trend of the atomic gas also shows such the velocity gradient from the northwest to the southeast, which is well comparable to the velocity structure of the CO gas ( Figure 19 ). This feature probably indicates the transition from the converging atomic gas to newborn molecular gas on large scales.
In Section 3.4.3, we show that the long MC G044.0−02.5 has different morphologies on scales of ∼ 2 • − 4 • (or ∼ 10-30 pc, see Figure 19 ). The gas in these sub-regions also exhibits regular networks organized by tiny CO sub-filaments or fibers, which have somewhat different but coherent velocity features (Figure 20) . The different gas structures in these sub-regions are probably the result of the localized feedback of star formation or various instabilities of the gas flow in the ISM (e.g., gravitation, magnetic field, and thermal pressure).
The denser gas traced by 13 CO and C 18 O emission is often located in regions of filamentary networks (see box regions in Figure 20 ). CO emission of these coherent structures frequently shows asymmetric line profiles or multi-velocity components rather than a single Gaussian profile (e.g., see PV diagrams in Figure 21) , possibly indicating the assembling gas in certain regions. Similar features were also revealed by some authors in simulations (e.g., Heitsch et al. 2009; Smith et al. 2014 ) and observations (e.g., Wang et al. 2017; Dhabal et al. 2018) . For the particular case of LDN 673, the gas seems to converge toward the hub-like region (see the upper box region in Figure 20 and Figure 22) , in which the 13 CO emission is embedded in the enhanced 12 CO emission with broader linewidths (the red circle in Figure 23 ). The dense C 18 O gas is spatially associated with the concentration of the 13 CO emission with multiple velocity structures ( Figure 22 ). These characteristics probably indicate that molecular gas is also assembling in sub-regions of MC G044.0−02.5, supporting the idea of simultaneously piling up of material in the whole cloud of ∼ 100 pc and some localized regions of several pc.
We suggest that MC G044.0−02.5 forms from large-scale atomic flows, which provide a natural mechanism to accumulate material in large-scale regions of ∼ 100 pc. We find that bundles of tiny filaments or networks of fiber-like structures are ubiquitous in the MWISP CO maps. These elongated structures can be naturally explained by turbulent flows, which will lead to gas concentration and subsequent fragmentation on scales of ∼ 0.5 pc (i.e., at least 5 times of the beam width) to several pc.
We also note that the magnetic field from the P lanck 353 GHz data is roughly aligned with the long filament ( Figure 25 ). The fact shows that the magnetic field may play an important role in the formation of the molecular gas structure, which needs to be investigated by further observations and simulations (e.g., see cases in Pattle et al. 2017; Li & Klein 2019) .
Taken as a whole, MCs may form from the pre-existing atomic gas, in which largescale converging flows may be crucial for the accumulation of material. When atomic gas is assembled by large-scale converging flows, collision between these filamentary flows becomes inevitable and will lead to gas compression. Furthermore, in the environment of pressure enhancement by colliding flows, MC formation is probably rapid due to dynamical processes (e.g., Koyama & Inutsuka 2000; Bergin et al. 2004; Glover & Mac Low 2007; Glover et al. 2010; Su et al. 2018 ) and various instabilities (e.g., Hennebelle & Falgarone 2012; Dobbs et al. 2014; Klessen & Glover 2016) . This scenario indicates that MCs are likely evolving transient objects from filamentary HI gas to H 2 gas, and then MCs traced by observed CO emission (e.g., Blitz et al. 2007; Hennebelle et al. 2008) .
We find a good coincidence between the emergence of the overdensity of YSO candidates and the concentrations of enhanced C 18 O emission (see Section 3.4.3 and Figure 22 ), suggesting that star formation at their early evolutionary stages occurs in the densest part of the forming cloud. This is consistent with the suggestion that star formation is probably rapid within one or two crossing time in the localized dense regions of MCs (e.g., Elmegreen 2000; ; also see Hartmann et al. 2001; Pringle et al. 2001; Elmegreen & Scalo 2004; Elmegreen 2007) .
SUMMARY
We have analyzed molecular line observations of 12 CO, 13 CO, and C 18 O (J=1-0) emission toward the Aquila Rift region by using Delingha 13.7 m telescope. The whole CO mapping, which are obtained as part of the MWISP project, covered a ∼ 250 deg 2 areas with a grid spacing of 30 toward the Aquila Rift region. The sensitive molecular line data, together with their high spatial dynamic range mapping, allow us to investigate the details of the local molecular gas traced by CO emission. Our main results are summarized below.
1. In the covered region of l =25. • 8-49. • 7 and |b| < ∼ 5. • 2, CO emission exhibits large-scale extended structures for the local MCs within a LSR velocity range of −5 km s −1 < ∼ V LSR < ∼ + 25 km s −1 . About a half covered region has 12 CO emission, while the C 18 O emission is only located in the densest region that usually associated with star formation activities. The 13 CO emission, which is embedded in the extended 12 CO layer, is found to be a good tracer of the main structure of the local MCs.
2. Our new data have revealed many molecular gas structures traced by weak 12 CO emission, which cannot be discerned by previous CO survey because of the relatively low resolution and sensitivity. The dominant region of the local MCs is occupied by such the weak 12 CO emission with low peak temperature of < ∼ 4.5 K (i.e., ∼ 7.8 K for excitation temperature), indicating subthermal excitation in the low H 2 density environment.
3. Toward the Aquila Rift region, large-size MC structures are identified from 12 CO emission in coherent spatial and velocity distribution. In combination with the MWISP CO data and the Gaia DR2, distances of these local molecular gas structures are well determined in a range of ∼ 200-800 pc ( Figures 5-8 and Table 1) through Bayesian analysis and MCMC algorithm. The dominant mass of the local molecular gas is in the W40 region and the GMC complex G036.0+01.0. Both of them are located at a distance of > ∼ 470 pc. 4. For the W40 region, two overlapping molecular gas components with a similar extension are located at different distances of ∼ 235 pc and ∼ 474 pc, respectively. The ∼ 474 pc MCs are associated with its surrounding star formation activities, i.e., Sh 2−62, H ii region W40, and Serpens NE Cluster. Generally, in regions of l ∼ +26 • to +33 • , the < ∼ 240-260 pc MCs with lower gas mass have spatial distributions from the northwest to the southeast, which are similar to the results of the extended dust clouds at ∼ 250 pc (i.e., the Serpens Cirrus in front of the star-forming region of W40, Herczeg et al. 2019) . 5. The ∼ 2.0 × 10 5 M GMC complex G036.0+01.0, which is less studied in the previous literature, consists of several molecular gas components at a distance range of ∼ 560-670 pc. Along the direction, some smaller MCs at ∼ 220-240 pc appear to be in front of the GMC complex ( Figures 6 and 7) . These nearer MCs at ∼ 220-240 pc are widely distributed in the whole mapping region, although the mass of the molecular gas is generally small, i.e., ∼ 10 2 − 10 3 M .
6. In regions of larger Galactic longitude, the main MC structure is GMF G044.0−02.5, which has a mass of ∼ 2.4 × 10 4 M and is located at a distance of ∼ 404 pc (Figure 8 ). Due to little confusion of different cloud components in the region, the long filamentary MC becomes a good target to study the detailed spatial and velocity structures of the molecular gas from several arcminutes to ten degrees (or ∼ 0.5 pc to tens of pc). The ∼ 80 pc long MC G044.0−02.5 appears to be surrounded by more extended filamentary HI gas that has similar spatial structure and velocity gradient to that seen in CO emission, indicating that the molecular gas is probably forming from the large-scale atomic gas. Interestingly, the dense gas of the MC is often located in enhanced CO regions with asymmetric line profiles or multi-velocity components.
7. These characteristics from the new CO data suggest that material accumulation, together with the localized gas dynamics and various instabilities, are essential for the formation and evolution of MCs. We suggest that the MCs toward the Aquila Rift region are likely formed by large-scale converging HI flows in the local ISM. The mechanism can naturally explain the rapid MC formation and simultaneous star formation in the localized dense regions. In fact, we note that the ongoing star formation occurs in the densest part of the MC G044.0−02.5 (i.e., the overdensity of YSO candidates and groups of HH objects in LDN 673 at l =46. • 26, b = −1. • 33).
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